
I 

'b N65 32116 
RADIOACTIVITY INDUCED I N  N a I  BY TRAPPED PROTONS 

Laurence E. Peterson 
University of California a t  San Diego 

La Jo l la ,  Cal2fornia 

/yAsA cc. 3-9* -3 
The ear th  s a t e l l i t e  OSO-1 contained as one of i t s  prime instruments Mag- 

the  University of Minnesota Y-ray experiment, which w a s  designed t o  search 

f o r  ex t ra - te r res t r ia l  Y-rays i n  the 50 Kev t o  3 MeV range [Peterson and 

Howard, 19611. The detection system consisted of an array of N a I  

s c in t i l l a t i on  counters arranged i n  various logic and shielding configura- 

t ions t o  provide direct ional  properties, and reject ion of unwanted cosmic- 

ray produced background. 

induced i n  the  N a I  c rys ta l s  during the br ief  periods when the  s a t e l l i t e  

I n  t h i s  l e t t e r  we wish t o  report  on radioactivity 

passed through the lower edge of the inner Van Allen zone over the  South 

Atlantic region. 

The principal detector w i t h  an isotropic response w a s  a phoswich type 

sc in t i l l a t i on  counter [Peterson and Nitardy, 19611 which consisted of a 

5.1 cm dia  x 5.4 cm long N a I  c rys ta l  surrounded by a .32 cm layer  of 

p l a s t i c  phosphor. The assembly w a s  viewed by a single photomultiplier. 

Enerig losses greater  than about 0.5 MeV i n  the  p l a s t i c  generated an 

anticoincidence gate, thus rejecting par t ic le- l ike events. Gamma-ray l i k e  

events were divided into two energy ranges; 0.3 t o  1.0 MeV and 1.0 t o  3.0 

Mev, and were accumulated continuously i n  binary reg is te rs  which were read 

out about once every 70 seconds. 

5 ga/cm of aluminum, magnesium and electronics, and WAS located about 

18 inches from the c of g of a 450-pound payload configuration. 

The counter was surrounded by about 
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The s a t e l l i t e  w a s  launched iviarch 7, 1962 i n  a nearly c i r cu la r  

o rb i t  of a l t i t ude  550 km and 3 3 O  inclination. 

revealed, not unexpectedly, that a major f r ac t ion  of the r a t e  i n  the  

isotropic  channels w a s  due t o  cosmic-ray produced Y-ray background 

except f o r  in te rva ls  when the s a t e l l i t e  entered t h e  trapped radiation, 

when exceedingly high rates were encountered. The r a t e s  were plot ted a t  

variocs geographic meridia i n  order t o  obtain the l a t i t ude  dependence of 

the cosmic-ray background, assuming a neglectable a l t i t ude  e f fec t .  The 

r e su l t s  are  Shawn in Figure 1 f o r  a typ ica l  meridian, &'E, which is  

not i n  a region where the s a t e l l i t e  penetrates the inner zone. Each 

point on the  l a t i t ude  curve corresponds t o  d i f fe ren t  pass. 

of each channel are c lear ly  double-valued at  t h i s  meridian. 

values, which correspond t o  passes which are southbound a t  t h a t  meridian, 

r e su l t  i n  a l a t i t ude  dependence which may be interpreted i n  terms of 

cosmic ray effects; the set of values resu l t ing  from northbound passes 

appears anomalous. The r a t e  vs. la t i tude  curve f o r  every metidian 

shows an e f f ec t  which is  qual i ta t ively similar, but may differ i n  

de t a i l .  I n  par t icular ,  the  phenomena is l e s s  pronounced f o r  meridia off  

the West Coast of South America. 

Inspection of t he  data 

The r a t e s  

The lower 

Figure 2 shows a portion of the world map w i t h  contours of equal 

proton fluxes, at 670 XM, taken from the work of Freden and Paulikas 

b9641. Also shown are  t r a j ec to r i e s  of several  t yp ica l  passes. 

Clearly, the difference between northbound and southbound passes at  60°E 

meridian is that northbound passes had recent ly  penetrated deep i n  the 

trapped radiation, while southbound passes had not. The trapped 
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radiation produced an enhanced Y-ray counting rate, which apparently decays 

away w i t h  t i m e .  

The counting rates  of the Y-ray channels as a function of time are  

shown i n  Figure 3 f o r  two typica l  passes, whose t r a j ec to r i e s  are indicated 

i n  Figure 2. 

times those encountered after leaving the region,when the ra tes  returned 

Deep i n  the trapped radiation, the  ra tes  were 10 t o  100 

t o  a low level. 

ra tes ,  other background ef fec ts  must be subtracted. 

I n  order t o  determine the time his tory of the excess 

It w i l l  be assumed 

tha t  the lower curves of Figure 2 measure the la t i tude  e f fec t  of cosmic- 

ray produced Y-ray background. Lin  e t  al. [1963], have shown that 

the invariant la t i tude  A, obtained from the  magnetic s h e l l  parameter L, 

gives a reasooable description of geomagnetic cutoff e f f ec t s  on cosmic 

rays. Equal values of A imply equal cutoffs, and it may also be 

assmed, equal cosmic-ray produced background. The lower curves of 

Figure 2, when mapped against A, then generate a "universal" curve 

which may be used f o r  background correction on a worldwide b a s k .  

given o rb i t a l  point, A is computed, the background is  determined fromthe 

"universal" curve, and this i s  subtracted. from the measured rate t o  

obtain the excess rate.  

A t  a 

The results of carrying out t h i s  procedure a re  a l so  shown i n  
0 Figure 3, f o r  every 15 meridian where data w a s  available. The excess 

ra tes  decay i n  an exponential manner with t i m e ,  indicating a radioactive 

type decay with a ha l f - l i fe  of about 28 minutes. 

been carried out f o r  about 20 additional passes; the  resu l t s  are similar 

t o  those i l lustrated;  the magnitude of the excess ra te  is  ixoportional t o  

This procedure has 
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the penetration of the s a t e l l i t e  into the trapped region and the half- l i fe  

of the  decay ranges between about 20 and 30 minutes. 

variations are  due t o  the assumptions involved i n  the subtraction 

Presumably, the 

t e chni que. 

The major mass of the  instrument and the satell i te is aluminum, 

magnesium, and s tee l ,  w i t h  t races  of C, N, 0, copper, lead, Si ,  Ge,  and 

of course the N a I  detectors. 

indicates only isotope related t o  these materials w i t h  a half-life i n  

the 20 t o  30 minute range is 

and is  formed by nectron captures of IU7, the material of the detector. 

The decay mode of I 

of 2.12 Mev. 

is within the crystal ,  the phoswichis ineffective i n  re ject ing these 

events. 

being 6.3 b, 0.4 b andO.09 b fo r  thermal, 0.1 MeV and 1.0 MeV neutrons, 

respectively [Shafroth e t  al., 19581. 

Inspection of the  Nuclear Data Tables 

This has a half-life of 25 minutes, 

128 - is  via  Pr-emission, with a maxirmun end-point energy 

Since the  +e of the B pa r t i c l e  is  small, and the decay 

sec t  ion. 
Furthermore, the neutron capture crossnfor 1127 is rather  high, 

.. 
Further evidence that the postulated e f f ec t  i s  indeed the correct 

one is  obtained from the m t i o  D f  rates i n  the two energy channels. For 

cosmic-ray produced Y-rays, which have a power law d i f f e ren t i a l  spectrum 

with an index of about 1.8 near 1 Mev, the r a t i o  is  about 2 t o  1. In  

the trapped radiation, assuming electron bremmstrahlung at  these high 

energies t o  be neglectable, most o f t h e  event r a t e  is due t o  prompt 

Y-rays from proton-produced nuclear reactions i n  the s a t e l l i t e  mass. 

(Direct charged par t ic le  e f fec ts  a re  rejected by the phoswich. ) For these 

events, which a re  presumably due t o  Y-rays whose typ ica l  energy i s  about 
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6 MeV, the r a t i o  i s  about 1.5 t o  1. However, f o r  the excess rates during 

the decay phase the r a t i o  i s  7 t o  1, indicating a very s teep energy-loss 

spectrum. Inspection of the decay scheme indicates most of the energy 

losses would be l e s s  than about 1 MeV; furthermore, other experimental 

evidence indicates the detector gain had dr i f ted  such t h a t  the nominal 

1 MeV discriminator edge w a s  probably at  least 1.5 Mev when the  data i n  

Figures 1 and 3 were taken. 

consistent w i t h  the  excess ra tes  being due t o  radioactive decay of I'28. 

The ac t iv i ty  ofAcrystal  upon leaving the trapped region w a s  about 

Using the thermal 

Hence, the steep energy loss spectrum is 

the 

8 x lo-* disintegrationslgm-sec f o r  the passes shown. 

neutron cross-section f o r  1127, 6.3 barns, implies an equivalent dosage 

3 2 thermal neutrons/cm upon the  crystal, averaged over each of 4 x 10 

10-minute passage in to  the inner zone. Since most of the neutrons would 

not be thermalized, the dosage of higher energy neutrons must have been 

considerably greater, because the capture cross-section i s  less. 

Presumably all the neutrons were produced from proton interabtionsin the 

materials of the s a t e l l i t e .  

Evidence from measurements on the OSO-1 s a t e l l i t e  has been 

presented f o r  the production of radioact-ivity i n  N a I  by protons of the 

inner Van Allen zone. These protons produce neutrons in the satell i te 

materials which are captured by the t o  form 112', the  radioactive 

species observed. 

placed on a s a t e l l i t e  which penetrates the region of geomagnetically 

trapped par t ic les  has the possibility of an increased background due t o  

s imilar ly  induced radioactivity. 

It would seem that  any low l e v e l  counting system 
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Figure Captions 

Figure 1 

on the OSO-1. The lower branch of the curve f o r  each channel is 

presumably due t o  cosmic-ray produced background; the up2er curve results 

from passes which had j u s t  passed through the trapped radiation. 

Counting rates  vs. geographic la t i tude  a t  a0 KM obtained 

Figure 2 

the 60°E meridian had j u s t  l e f t  the region of trapped par t ic les ;  

The t ra jec tor ies  of a ser ies  of passes. Northbound passes at  

soGthbound passes skir ted t o  the north of the  region. Compare these 

t raJec tdr ies  w i t h  t he  data  i n  Figure 1. 

Figure 3 Rates vs. time f o r  two of the  passes indicated i n  Figure 2. 

D a t a  I s  not available during s a t e l l i t e  night, and during playback 

intervals.  

The resu l t s  of subtracting out cosmic-ray background and f i t t i n g  the 

The Y-ray rates when i n  the  trapped radiation were very high. 

excess ra tes  t o  radioactive decay law are a l s o  shown. 
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